Introduction
The incidence of early gastric cancer has been increasing for decades, reaching nearly 60% in Japan [1] [2] [3] [4] . A conventional distal gastrectomy with lymph node dissection followed by Billroth-I -type reconstruction (DGBI) has been the accepted procedure for early gastric cancer in the middle third of the stomach [5] . While this treatment has achieved excellent survival, dumping syndrome, remnant gastritis, refl ux esophagitis, and impaired weight gain are common in patients who have undergone DGBI [6] .
The low probability of lymph node metastasis in these early tumors has allowed limited resections to be used increasingly [7] . However, the application of limited surgery without lymph node dissection leads to an increased likelihood of recurrence. As such, endoscopic submucosal dissection (ESD) is employed only after careful selection of T1 tumors whose probability of nodal metastasis is negligible [7] [8] .
In recent years, pylorus-preserving gastrectomy (PPG), known as the Maki operation [9] , has been performed in patients with early gastric cancers located in the middle third of the stomach, in order to preserve the function of the pylorus as a physiologic regulator of gastric emptying and to prevent postprandial symptoms. Theoretically, because this procedure could be a good solution for postgastrectomy symptoms associated with conventional procedures, it is currently carried out in many Japanese hospitals.
Although several reports have evaluated outcomes following limited resection, the number of cases has been small, with too short an observation period to offer defi nitive evidence of the superiority of these procedures [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .
This study presents results for 194 patients who have undergone PPG and 203 patients who have undergone DGBI for early gastric cancer, with more than 3 years' postoperative data, including symptom scoring.
Patients and methods

Patients
Clinical data were prospectively recorded according to The Japanese classifi cation of gastric carcinoma [20] . We reviewed the case records of consecutive patients treated by the staff surgeons at the National Cancer Center Hospital between 1993 and 2000.
A total of 1291 patients with early gastric were treated, of whom 965 patients underwent PPG or distal gastrectomy; 380 patients underwent DGBI between 1993 and 1999 and 234 patients underwent PPG between 1995 and 2000. Between 1993 and 1999, the Billroth-I technique was gradually phased out and a Roux-en-Y reconstruction method was used after distal gastrectomy. DGBI is no longer used. The fi rst PPG was carried out at our institute in 1995, and the number of patients undergoing this procedure has increased each year.
We identifi ed 234 patients following PPG and 241 patients following DGBI who had undergone at least one endoscopy and abdominal ultrasonography within 3 years of surgery.
We excluded 20 patients who developed a second cancer, 2 who died of other causes, 4 who had developed or died from a gastric remnant cancer, and 8 whose surgery had been performed by surgeons who did not participate in this study. The gastric remnant cancers had developed in the remnant gastric body, not in the remnant pyloric cuff. Questionnaires identifying postoperative symptoms were sent to 212 patients following PPG and 229 following DGB1. Finally, 194 patients in the PPG group (mean age, 56.8 years) and 203 patients in the DGBI group (mean age, 58.7 years) with completed questionnaires were evaluated.
Operative procedures
PPG. The indication for PPG was early gastric cancer located in the middle third of the stomach. A pyloric cuff of 2.5 cm to 6.0 cm in length was retained. When the tumor was located in the lower to middle body of the stomach, the length of the remnant pyloric cuff was longer because of the smaller proximal remnant to make the total volume of the gastric remnant large enough. The hepatic and pyloric branches of the vagal nerve, and the right gastric vessels, were preserved up to the fi rst branch to the stomach wall. The celiac branch of the vagal nerve and the infrapyloric artery and vein were also preserved in some patients, with complete dissection of the subpyloric lymph node and left gastric or celiac lymph nodes.
DGBI. All the patients underwent Kocher's maneuver to mobilize the duodenum, thereby minimizing the tension at the gastroduodenal anastomosis. All patients underwent a D1 + β or D2 lymph node dissection.
Methods of symptom evaluation
Questionnaires to compare the two procedures were completed at two time points-in 2000 for those who underwent DGBI or PPG before 1997, and in 2004 for those who underwent PPG or DGBI between 1998 and 2000.
The questionnaire used in this study consisted of 37 questions for the patients to answer pertaining to gastrointestinal complaints and symptoms. The questionnaire asked about postoperative symptoms, including those corresponding to early dumping syndrome (within 30 min after meals; based on the diagnostic criteria for dumping syndrome established by the Japanese Society of Gastroenterological Surgery) [21] , those related to late dumping syndrome (2 to 3 h after meals [cold sweat, dizziness, syncope, general malaise, tremor]), and those associated with disturbed gastric emptying between meals (abdominal distention, epigastric discomfort, continuous fullness, continuous nausea, rumbling, heartburn, hiccup, belching, continuous abdominal pain). Other questions, about meal volume, bowel movement, fl atus, and overall satisfaction with the operation were included in the questionnaire (Table 1) .
Postoperative follow-up
Postoperative follow-up included clinical and laboratory examinations every 6 months for the fi rst 2 years and annually thereafter. Body weight was measured and any changes were recorded. Relative body weight (present/preoperative) was calculated in each subject. Endoscopy was performed and the fi ndings graded as previously reported [22] . Grade B or worse esophagitis according to the Los Angeles classifi cation was regarded as positive. Transabdominal ultrasound was performed as part of the routine follow-up.
Statistical methods
Statistical analyses were performed with SPSS statistical software (Chicago, IL, USA). Student's t-test and the χ 2 test were used for comparisons between the two groups. Statistical signifi cance was defi ned as P < 0.05.
Results
Patients and operative characteristics
The patients in the two groups were equally matched ( Table 2) .
Questionnaire
The incidences of symptoms corresponding to early dumping syndrome, including dizziness, stomach rumbling, diarrhea, and vomiting were signifi cantly lower in those who underwent PPG than in those who underwent DGBI (P < 0.05; Table 3 ). There were no significant differences in the incidence of symptoms of late dumping syndrome and symptoms associated with disturbance in gastric emptying between the PPG and DGBI groups (Tables 4, 5). The incidence of bowel disturbance was signifi cantly higher in the DGBI group than in the PPG group, excessive fl atus was signifi cantly less common in the PPG than in the DGBI group. There was no signifi cant difference between the two groups in average meal volume or in the proportion of those who felt satisfi ed or dissatisfi ed with the operation (Table  6 ).
Change in body weight
The relative body weights (present/preoperative) were 90.2 ± 9.7% and 93.9 ± 7.3% in the DGBI and PPG groups, respectively. The loss of body weight was signifi cantly less in the PPG group than in the DGBI group (P < 0.0001 by Student's t-test; Table 7 ).
Endoscopic fi ndings
Residual food in the remnant stomach was more frequently observed in the PPG group than in the DGBI group. There was no signifi cant difference in other endoscopic fi ndings between the groups (Table 8) .
Gallstones
Gallstones appeared following gastrectomy in 10.8% of those who underwent PPG and in 13.3% of those who underwent DGBI. There was no signifi cant difference between the groups (Table 9) .
Discussion
Various reconstructive procedures, such as Billroth-I, Billroth-II, and jejunal pouches [23] have been used in an attempt to improve the symptoms for patients following distal gastrectomy. Billroth-I and -II reconstructions have been performed most commonly because of their simplicity. However, they often lead to duodenogastric refl ux and gastritis and produce symptoms after distal gastrectomy that adversely affect the quality of life for these patients [24, 25] . The PPG procedure with vagal nerve preservation can be performed safely with a low incidence of major complications and a better In the present study, nearly 200 patients were subject to long-term evaluation following PPG. Our study showed that the incidences of early dumping syndrome and postoperative body weight loss were signifi cantly lower in the PPG than in the DGBI group. Contrary to previous studies, the incidence of gastric stasis with PPG was the same as that with DGBI [19] . In the longterm, it may be important to preserve the vagal nerve for improved gastric emptying.
It has been reported that patients undergoing DGBI without preservation of the hepatic and pyloric branches of the vagal nerve are at increased risk of developing cholecystolithiasis, with an incidence of 10% to 40% [10] . Nabae et al. [27] suggested that preservation of pyloroduodenal myoneural continuity during PPG would help maintain a normal sphincter of Oddi and gallbladder. The data in our study corroborate these previous reports [10, 27] in that the incidence of gallstones was lower in the PPG group. Almost all patients with DGBI in the present study underwent gastrectomy with vagal denervation.
In conclusion, the long-term results indicate that PPG has some advantages over DGBI in terms of postoperative symptoms, and that the incidence of gastric stasis is not problematic following PPG. These data suggest that PPG has an improved postoperative long-term outcome and should be the recommended procedure for early gastric cancer located in the middle third of the stomach. Most published studies on the functional outcome after PPG have been performed at 1 year postoperatively, with only two studies with late results following surgery [18, 19] . Kodama et al. [10] reported that early morbidity did not differ between PPG and DGBI, and that the most frequent complication was gastric stasis after PPG. Similar fi ndings were reported in another study [11] [12] [13] .
Shibata et al. [19] reported long-term results including those for 36 patients after PPG, which revealed that the occurrence of early dumping syndrome was lower in the PPG group than in DGBI patients and that there was no difference between the two groups in body weight change, food intake, and overall satisfaction with the operation. Tomita et al. [18] also reported long-term results, including those for 10 patients 5-years after PPG without preservation of the vagal nerve. In their study, the only weakness of the PPG procedure was a sensation of epigastric fullness due to gastric stasis of food in the remnant stomach. They also reported that results showing post-gastrectomy syndrome after the PPG without nerve preservation were the same as those after the PPG with nerve preservation. The number of patients with long-term results after PPG in both these reports was too small to provide good postoperative symptom data following the PPG operation.
